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PROTEIN KTNASKS 

This invention is related to the one or more 
inventions described in British Patent Applications Nos. 
9224057.1, filed 17th November 1992, 9304677.9 and 
9304680.3, both filed 8th March 1993, and 9311047.6, filed 
28th May 1993. In particular, this invention relates to 
nucleotides, proteins obtained by expression therefrom and 
antibodies raised to peptides derived from the sequence, 
e.g. by the means described in the Application No. 
9304680.3. 

Summary! Mouas cDNA clones encoding putative icrmeAhreonine kinase reoeptors 
tew* a * ti J*^^^ J&"° (ALKp and -6 were cbS^ftomtUd^mSSl 
embryo cDNA library The cDKA clones for ALK-3 and -6 encode complete proteins of 
532 and 502 amino adds, respectively. They have hydrophliie eystefne-rich liaand- 
bindlnf domains, followed by single hydrophobic transmembrane regions and C- terminal 
intercellular portions containing putative serine/threonine kinase domains. The amino acid 
sequences of ALK-3 and -6 are very similar with 59% and 85% sequence identities in the 
extracellular cystelnc-rich domains and Intracellular serine/threonine kinase domains, 
respectively. Expression of mRNA for mouse ALK-3 was observed in the spleen, 
whereas ALK-6 mRNA was found in the brain. These results suggest that ALK-3 and -6 
bind closely related Uganda, but that they have different functional roles in vtvo. 



Transforming growth factor-p (TOF-P) Is a family of multifunctional proteins. Including 
TOF-01, -02, and -03 in mammals. They regulate the growth and differentiation of 
many different cells, and stimulate the production of extracellular matrix proteins (IX 
T0F*p*s belong to a larger superfamily of structurally reUted proteins, which includes 
) scdvlns and inhibins. MUllerian inhibiting substance, and bone morphogenetio proteins 

(BMP*) or osteogenic proteins (2, 3). Proteins in the TOF-p superfamily regulate the 
cellular proliferation and dlfferendadon, and play important roles at the different stages 
during the development. 

TOF-Ps exert their effects through binding to specific ceQ surface receptors (4, 5). 
Although TOF-P receptors of several different size classes have been reported, the type I 
(53 kDa) and type II (70 kDa) receptors have been shown to be most important for signal 
transduction (6, 7). TGF-p receptors type I and type U are Indispensable for signal 
transduction, and they have been shown to form a heteromerJc complex on the cell 
surface (8). In analogy with the TOF-P receptor system, classes of receptors of similar 
sizes, i.e. receptors type I (50-60 kDa) and type II (70-80 kDa). have been reported alio 
for acdvin A and BMP-4 (9, 10). 

Molecular cloning of the type n receptors for sctivin (ActR-Il tnd ActR-HB) (1 1- 
13) end for TOF-P (T0R-1I) (14) revealed that they have sequence homology with each 
other and with * previously identified C. tUgans gene product, Daf-t (15). These 



molecule* have putative sefine/threoiuno kinase domain* In their intracellular portion*, 
which suggests that phosphorylation on seriAt/threoaine residues If Involved in algnaJ 
transduction. Using a polymerase chain reaction <PCR>based strategy, we have recently 
obtained human cDNA clone* encoding novel putative lerlne/threordne kinue receptors, 
denoted activin receptor-like kinases (ALK>1 » -5 (16 and Franxen *t al„ submitted for 
publication). The ALK* are more similar with each other than with ActR-n and -im, 
TpR-DT, and DaM, and thus, they form a subfamily among the putative serine/threonine 
kinase receptor*. Uganda for ALK* remain to be determined. A recent report ahowed that 
Tak 7U a mouse couierpart of human ALK-2, blndl TCP- pi and form* • cross-linked 
complex with a size simUar to that of the TOF-0 type I receptor (17). In this 
communication, we report the cloning of another BerineAhreooine kinase receptor, termed 
ALK-6, from a mouse embryo cDNA library. Interestingly, mouse ALK- 6 la structurally 
very sirrriiar to human and mouse ALK-3, but their expression patterns are very different 

MATERIALS AND METHODS 

Cloning of cDNAa for Mouse ALK-3 and ALK-6. As a probe for screening a 
cDNA ffbrarv. « PGR recombinant 11.1 (16), which <^^^^.^^^^ 
human ALK-4, was used. A 12 day mouse embryo xBXfo* cDNA , ttbranr (Novag«t, 
Madison. WI) was screened with the 11. i probe labeled by the Megaprlme labeling 
71 _-JL.u.!~ i r v \ HvhHrfWiitinn tt% niMeftiiuioie malice filters was performed 



la Is mM sodium citrate, i^u mm «a^ij ana u.i-w •» <* » - — » — r 

dmeirtfc OJ x SSCwd 0.1% SDS ai53*C for 15 mln. Puriflcatiofl , of Uc^phages 
wwe performed *i previously described (18). Twemy-four poeitive 
obSnSd They were iVtalyzed Sy Soutfiem blot hybrldiauion us&g specific ; proU. Jor 
ALK-1 to -4. In order to obtain the S part of inpuse ALK-3, the *»?***W t Yg 
screened with a probe corresponding to nucleotides 79-824 of human ALK-3 (16J. 
Nude^riMuendng was performed on both strands (19) using Sequenase (U.S. 
B?oohemical75Soratlon, Ckveland. OH) and sp^fic oligonucleotide primers. 
Com^uioM^S resolved using 7^ea»-OTP ^^loch^caU). DNA sequence, 
were analysed by DNA STAR computer program (DNA STAR. Ltd. UJC.). 

Southern Blot Hybridization. DNA* from positive clones were fgMigwMi 
IcoRI and/Z/ndllL ile^trophoretically Separated on a 1.3* 'V^jg 1 ^ Sff^SSsE 
ilffoccuSose TfllteVs as described (*)/Tne i filters wen then hy brldijed wif «pcciflc 
SSbes (S) for human ALK- 1 (nucleotides 288-670)1, ^-2 (nucleotide* 1-581). ALK- 
3(nucleotides 79-824) or ALK-4 (nucleotides 1178-1967). 

Northern Blot Hybridization. A multiple mouse tissue blot was obtained from 
ClonVecMPalo Alto. CA). The filter was hy bti<todjwiu^robe. for ™^ 7*4100 of 
ALK-6. The £coRI • JWI restriction fragment, corresponding tc o ri ™!rfALKj£ 
ALK-3. and the Sad - Hpa\ fragment, corresponding to nuclwnde ,57-720 of ALJ&* 
were used as probes. Hybridization waa performed with "P-labeled probea at AYG 
e^Uto In 5M formamlde, 3 x SSC. 0.1* SDS, 50 mM aodium phosphate. pH 7.0, 
HDenhardr? soliSo^nd 0.1 mg/ml salmon sperm DNA. The «Jier )«M wa^ed at 
65*C.C> Urneafor 30 min In 2.5 xSSC, 0.1* sfis, and two dmes tor 30 mln > with 0 3 
x SSC 0 1% SDS. The niter waa then aubjected to autor^og^hyjripping of the 
blot was performed by incubation in distilled water water at 90-100*C for 20 mln. 
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RESULTS AND DISCUSSION 



a— * «~ .uk, « * ? ^ZT^ 

aM lyud by Southern U« ^ d ^ ™ toMt hybrWlie d vay ^ 

h"""** * ^ £^t£EIuM pn*.. and »« clone. »V*^ 
Al-K-2 pn*c «v=» clone » ALK-l ^.dita prober Po.rck^ 
with the ALK-4 probe. N< ™ * ^j*^,^ UllMe domain of ALK-*. b« no, 

zsxzzzzze* — 

Uxscrt was completely tequenced. 

i vie 6 yielded a 1952 bp fragment 
S„ U «n«. f Mcuee ^ acid.). * » * 

^.Udn. of « open «^»« »«" "J | y n,l».ed eeo.ue.ee of 137 bp. The 
unnenriuea eeo.»e»e. of 186 bp. and » ^ U ™ taBg . ,. NopolyedenyUdon 
Tncleotide ..d predicted an^o ^ «^ lodlcadng Out Ow eDNA «. 

.Una. wa. found in *. » L.^ndta^Spart^th^e. 

iwernally primed In the Vend. Only ° mA ™~" . nltUtton a », and wu preceded 

SX* which ^UM the ^' £^ a typical hyWM. 

by „ ta-frame ,«op codon a, nuclide »«•*«• 

tri^-ssss-- — 
r^r^-rr^;^:- — * 



nomenclature according to Ref. 23) it found. Analysis of the amino add sequences in 
subdomaint VI and VUJ, which are mo* useful to predict the specificity of amino acid 
phosphorylation (23), Indicates that ALK-6 Is t serine/threonine kinase. Two kinase 
inserts ww observed between subdomaint VIA and VIB. tad between lubdomaint X 
and XI. The amino acid sequence of mouse ALK-6 is most similar to human ALK-3 
among the serlne/ihreonlne kinase receptors (16). To rule out the possibility that ALK-6 
is the mouse counterpart of ALK-3, we cloned a mouse cDN A for ALK-3 and compared 
it with the mouse ALK-6. 

Cloning of Mouse ALK-3 eDNA. Southern blot analysis revealed that a elone 
waned ME-7 hybridized with the human ALX-3 probe, however, nucleotide sequencing 
revelaed that this clone was incomplete, and lacked the 3' pan of the translated region. 
Therefore, the tame cDNA library was screened by a probe corresponding to the 
extracellular domain of human ALK-3, and one positive clone, MB-D, was obtained. The 
clone was isolated and the sequence was analyzed. Although ME-D was Incomplete in the 
3' end of the translated region. ME-7 and MB-D overlapped and together covered the 
complete sequence of mouse ALK-3. The predicted amino acid sequence of mouse ALK- 
3 is very similar to the human sequence; only 8 amino acid residues differ (98* Identity) 
(Pig. 2). 

Comparison of Mouse ALK-3 and ALK-6* The amino acid sequences of mouse 
ALK-3 and -6 are 71* identical; the Identities in the kinase domains and the cy swine-rich 
putadve llgand-bindlng domains are 85* and 59*. respectively. The amino acid 
sequence similarities in the extracellular cystelne-rich domains erf o Acr Al^ a^ AcA- 
iTtOR-U and Daf- 1 are lower (lest than 40*) . High sequence similarity In this domain 
ha. been reported for ActR-II and ActR-HB (64* idendty), which bind the same Hgand. 
Thus, ALK-3 and ALK-6 are closely related molecules in the seriiieAhreonine kinase 
receptor family, and may bind the same or closely related llgand<s). The calculated 
molecular weights of the primary translated products of mouse ALK-3 and -6, without 
the putative signal sequences, are 57,447 and 55.576. respectively. Therefore, the 
molecular weights are closer to those of typo I receptors than type n receptors. The 
intracellular portions of ALK-3 and -6 are highly conserved compared to the extracellular 
domains. However, the intracellular juxtamembrtne domain and at the kinase insert 
between subdomains X and XI show relatively high divergence. Whether these portion, 
functions, e,g. in the association with downstream components in the signal transduction 
pathway, remains to be elucidated. 

E«pr«.o» of mRNA for Mou.. M.K-J ..^ALM. Th. Wb,tt«jrf 
mRNA for moutt ALK-3 u)d -6 In v«iou. mou» duue> wu determined by Northern 



blot analyst* (Fig. 3). In order to avoid erosf-hybridixatlon, probai corresponding to the 
S untranslated and extracellular region* were used. Using the probe lor mouse ALK-3. a 
1.1 kb transcript was found only in ipieen. By reproblng the blot with the ALK-6 
specific probe a tranecript with 7.2 kb was found In brain. A weak band was also seen 
la lung; however, bands were not teen in the other tissues tested. Most of the 
serine/threonine kinase receptors are widely expressed, exemplified by ALK-2, and -4, 
and TpR-n (14, Id). In contrast, the expression profile of human ALK-3 is relatively 
restricted, and fragments of 4.4 and 7.9 kb were found most abundantly in skeletal 
muscle (16). Expression in spleen was not tested for the human ALK-3. The transcript 
sixe for mouse ALK-3 is smaller than that of the cloned cDNA. Larger site transcripts 
may postibly be aeen in other tissues which were not tested in the present study, and/or 
at other developmental stagos. As the ALK-3 coding region is 1596 bp, the 1.1 kb 
transcript is possibly derived from a differently spliced mRNA. The functional 
significance remains to be elucidated. Difference in mRNA splicing in the region coding 
for the extracellular domain may lead to the prodactlon of soluble binding protein. 
Difference in the inoraceUular domain may lead to a truncated cell surface receptor that 
poiubly acts in a dominant negative fashion. Different expression profiles between ALK- 
3 and -6 suggest different roles of these receptors in vivo. Growth regulatory factors 
have been shown to act in autocrine end/or paracrine fashion. If this is also the case for. 
ALK-3 and -6, they may bind proteins with restricted expression profiles. For example* 
certain members in the BMP family were shown to be produced with highly limited 
expression patterns (24-26). Further investigation are in progress in order to identify the 
ligand(s) for ALK-3 and -6. 

Acknowledgments: We thank Kari AHtalo at Helsinki University. Finland fc .rj to cDNA 
Ubrary. We also thank Christer Wernstedt for preparing ologonucleoddca .Fetor mm Dijke 
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Figure Legends 



Fig. 1. Nucleotide and deduced amino acid itqutncta of mouse ALK-6. 
The putative aignal sequence and transmembrane domain are overlined over tha amino 
acid sequence. Cysteine residues found in tha extracellular domain are boxed Tha 
borders of the kinase domain are marked by arrows. The stop codon which ends tha open 
reading frame is shown by an asterisk. The in-frame stop codon is underlined. 



Fig. 2. Comparison of tha amino acid sequences of human and mouse 
ALK-3 and mouse ALK-6. Identical amino acids are boxed and conserved cysteine 
residuei in the extracellular domains are shaded. Potential N-alyooiylation sites for 
human and mouse AUC-3 are shown by a thick line. Putative cleavage sices by signal 
peptidase are indicated by A. Putative transmembrane domains for human and mouse 
ALK-3 sxe double overlined. The borders of the kinase domains are inrHcst o d by arrow*. 
Kinase subdomaini (23) are indicated by roman numerali. The two kinase inserts are 
underlined (thin lines). 



Fig. 3. Northern blot analysis of mouse ALK-3 and «6 m&NA expression 
In different mouse tissues. A multiple mouie tissue blot (Gontech) was hybridized 
with probes for mouse ALK-3 (A) end ALK-6 (B). Site markers are indicated on the 
right. Specific bands are Indicated by arrows on the ten. 
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'QtM»mCC>>C»TW>CTCttTA«T UM* «CMA< WeCM >*CCn Ct MC C ttOCO«0a«TTjum iao 

- v**CAAAA*4rTAAA<CACCAACCCftCCCATAAataA*lAaA>A<>TTTATT**TAJgATtteTCTT*gftA*flCTeTBa» J**TT[^||Yjy|g^g^^^i i«» MO 

NUWai|«CLM*«TKKC»« |« 

WCACTAeAMCCCCACCCCTCaCCeCAAUtttTACmaTAMraCMGCMCMWCC^^ MO 

c • ta»t»b.fs i i i [Q i |Q h it n Q m i i t ii i i Q i i i i i d) r r ii i c u 

CUBATBACTCTCCAATBCCrarTBTCACCTCTfiBATeTCTABBACTAaAAaaaTCAaAITTT^ tao 

e o o a a n r vr raaQbabt •«or«g]«BTr i p x a a a a i c EE] t c aa 

ACSAATeACTCTAATAAACACCTCCKCCCACTCTCCgTCCTCTCAACCACACAW BOO 

RMC(?]NK»kHPTLPrkKORftrVftaFI MMKALlltVTVClLL IU 

TTecTeeTfA r fArrTrATTCTeTTAe TTgAcaTAT iiiiBAriiaAA cgegaAgeTeca^ 733 

L ' V L I ILrCTrRTKI«CAII»Rr<1tLK0ftCrriP»«Clt.*D 17i 

rraATcaAacjuTcTCAOA«cTcaBa>jksraa>TCAaacc7CceTCT«eraaTecAx»akACAArAacT^ mo 

TaaATaa«AAAaTBCC8T CCA« tA»AeBTceCTBTCAAAaTaTtcmaC C a CBC Aafi«*e CC A6 r ^ MO 

wnaivkacKTAVKvrrTTCCAiwfaiTci rarvuiiRMCMi »*a 

cTccccTTCArracTccACATATCM.taoaACTttMTtcTcaAcraamTAccTC^ toao 

L«riAAOIR«TasVT«kTklTOTMCNtakrDrkKITTLDA BM 

\BTCCA TaCTBAAaCTAaCgTACTCCTCTCTCAeCBCCCTATBCCATTTACAg ICCC » AATCTTTACCACTCAACCCAACCCACCAATCCCCCATCCACACTT&AAAACT I »A A ACATC <300 

x«NLKk*T««ri«LCNbHTCiraTO««paiAN*si.Kaiiii ua 

CTCBTCAACAAAAATCCAACTTBCTCCATACCAaACCTaBaCTTttBCTaTCAAaTTeAm 1120 

LVKKMaTeeiA»L«kAVXriaOTNCVBIPPMTII*aTKIITII ST« 

ccTecAe>AaTecTacAcaAaAacTT«AATAaAAAceATmeAaTeeTACAnATaacT«A^TaTAeAacTTTaa^ i«ao 

ppevwDC«LN»«iHr«»Ti»ABa»aratiLW«iAaae»aaa «ia 

ATMTe&AACAATACCACCTTCCCTATCACCA£CTftaTCCCCMTBACCCTTCTTATaAaaACATaAaAaAAATTaTaTBCATaAAaAAdTTA£CCCCTTU 16*0 

ifCCTBuftHOL»piBP»YC»n«ti tcnnBuapsPPMawa «** 

AfiTaATaA«T6TeTCACfiCAaATuccAAecTTATatfACAarecreescecjkCAATceTeceTecAC«CTaAC ia*o 



tACAn^AAACTCTaAcaTcAaATAcTTaTaaACABAacAABAATmACACUACCATcamacccAAeccTTBAAcaTTAaccTACTace laoo 
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^ATGGCCCAaTCSCCCCCACCCTCCTCCTTCTTCCCCCTTGTTCTCCTCCTCCTCCCCCCCACCCCCCCCT 70 
AESAGASSFFfLVVLLLAGSGG 

-iUviCCCCCCGCCCTCCACCCTCTCCTGTGTGCGTGCACCACCTCCCTCCACCCCAACTACACGTCTGA 100 
SCPRCVQALLCACTSCLOAMYTCC 

CACACATCCGGCCTCCATCCTTTCCATTTTCAATC7CCATCCCA7CCAGCACCATCTCCGCACCTGCATC 210 
T-OCACMVS I FNLDC.nCHHVftTC ! 

CCCAAA6T6CAGCTGCTCCCTGCCCGGAAGCCCTTCTACTGCCTGAGC7CGGAGCACCTGCCCAACACCC 280 
PKVC LVPAGK PFYCLSSCOLRNT 

ACTCCTCCTACACT6ACTACTGCAACAGGATCCACTTGAGG6TGCCCACTCCTCACCTCAACCACCCTGA 350 
HC CY7DYCNRtDLRYPaGHLKEP€ 

CCACCCCTCCATCTCCCCCCCCCTCCACCTCGTACGCATCATCCCCGGCCCGGTGTTCCTCCTCTTCCTC 420 
HPSMVCPVELVGI tAGPVFLLFL 

ATCATCATCATTGTTTTCCTTGTCATTAACTA7CATCACCCTCTCTATCACAACCCCCAGACACTGCACA 490 
' ' ' IVFLY 'NTHORYTHNRQRLO 

TGGAAGA7CCC7CA7G7GAGA7G7G7C7C7CCAAAGACAAGACGC7CCAGGA7C77G7C7ACGA7C7C7C 560 
nCOPSCEHCLSKDKTLQDLVYOLS 

CACC7CACCC7CTCGC7CACC6T7ACCCC7CT77C7CCAGCCCACAC7CCCCCCAACCA7CC77T7ACAA 630 
7SGSGSGLPLFVQR7VAR7 1YL0 

GACA77A77GCCAACCC7CfiC777C6CCAAC7A7C6CCCGCCCCC7CCACCCC7CC7CA7C7CCC7C7CA 700 
EI ICKGRFGEVWRCRWRCGOVAV 

AAATA77C7C77C7CG7CAACAACGGTCT7CGTTCAGGCAAGCACA6A7ATACCAGACCGTCA76C7GCG 770 
K 'PSSREERSWFREAE1YQ7VMLR 

CCA7CAAAACA7CCT7CCA777A77GC7GCTCACAA7AAAGA7AA7CCCACC7CCACACACC767CGCT7 340 
HENIL6FIAADNK0NG7W7QLVL 

G777C7GAC7A7CA7GAGCACCGC7CCC76777GATTA7CTCAACCCC7ACACAG7CACAA77CAGGGGA 010 
VS0YHEHC3LFDYLNRYTV7 1EG 

^TCATTAAGCTCGCC77G7CTCC7GC7AG7CGCC7GGCACACC7GCACA7GGACA7CC7C6GCACCCAACG 960 
HIKLALSAASGLAHLMnClVOTOQ 

GAACCC7CCAAT7GC7CATCGAGAC77AAAG7CAAAGAACA77C7GG7CAAGAAAAA7CCCA7C7C7GCC 1050 
KPGIAHR0LK3KN ILVKKNCHCA 

A7ACCAGACC7GGGCC7CCC7C7CCC7CA7GA7CCAG7CAC7CACACCAT7CACAT7CCCCCGAA7CAGA 1 120 
I A0LGLAVRHDAY707 10 IAPNQ 

CCG7CCCCACCAAACCA7ACA7CCCCCC7GAAG7ACT7GA7GAAACCA77AA7A7GAAACAC77TCAC7C 1 190 
RVC7KRYMA PEVL 0E7 I N H K H F D S 

C777AAA7C7CC7CA7A777A7CCCC7CCCCC77C7A7A77GCGACA77CC7CCAACA7CCAA77C76GA 1260 
FKCAO 1 ' Y A L GL VYWE tARRCNSG 

CCACTCCATCAACAA7A7CAGC7GCCATA77ACCACT7AG7CCCC7C7GACCC77CCA77GACCAAA7CC 1330 
CVHEEYQLPYYOLVPS0P3IEEH 

CAAACG77CTATGTGA7CAGAACC7GCG7CCCAACA7CCCCAACTGG7GGCACAG77A7CACCCACTGCG 1«00 
RKVVCOOKLRPN I PNVV03YEALR 



CGTGATGCCCAACA7GA7CCCAGAG7G77GG7A7CCCAACCCCCCACCCCCCC7GACGGCCC7GCCCATC 1«70 
VHGKflttRECVYANCAARLTALR I 
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^CCCTCTCCCACCTCACCCTCCACCAACACQTQAAGATCTAACTOCTCCCTCTCTCCACACeCA 1540 
..^TLSQLSVQtOVK I . 

8CTCCTCCCACCGAGAACTACGCACACCTGCCQCCTTCAGCCTACCATCCACCCCTACCTCTCCTTTCT0 1010 
CCCACCCCTCTCTCCCCACGAGCCCTGGCCCGCAACACCGACAGAGCCCCCCACACACTCGCTCACTCCC 1680 
ATCTTCCGTTTGACACAGACACCTTTTCTA7TTACCTCCTAATCGCATGGACACTCTCAGACCCAATTGT 1750 
CTGCACAACTCACTCCCACACCTCCAACTCGTTGTACT6CCAAGTCCCCCCAAACCCCCTCCATCTGGCA 1820 
CaTGGCCAGGACCCATGACAGGCGCGCTTGGGAGGCCCCGCAGCAACCCACGTGTTCCCAGTGCTAACCT 1800 
CCCCTCAGGGTTTCCTTCGGGGACCAGCCCACAGCACACCAAGGTGGCCCGGAAGAACCAGAA6TCCAGC 1080 
CCCTCTCACACCCAGCTCTCACCCCCCCTTTCCCCTCCTCCCT66CAT6GACGCTGCC666AGACT6CCA 2030 
GTGGAGACCCAATCTGCCGCTTTGTCTCTCCAGCCCT6T6TCCATCTCCCGACCT6CCTCCCCCCTTCTG 2100 
CCTCCTTCCTGCCATCCCCTTACACGTCCCTCTCACTCTCTCTCTCTCTCTCTACCTCCCCACTTACCTC 2 1 70 
CTTCACCTTTCTCTCCATGTCCACCTCCCGCCTGTGGTCGTCATCCTCTCC6TCCTTCCTCCTCCCTCTT 2240 
TTCA6TAGTGACCAGCATCTAGTTTCCCTCGTGCCCTTCCCTC6AG5TCTCTCCCTCCCCCAGAGCCCCT 2310 
CATCCCACAGTCCTACTCTCTGT 2333 



